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The shrinkage qualities of collagen have been
known and used for hundreds of years, the
most classic example being the shrinking of
heads by South American headhunters. Since
the early nineteen hundreds when shrinkage of
collagen was first used as a quantitative meas-
ure of tanning, this shrinkage has been studied
extensively by chemists interested in leather
and glue and, subsequently, by other investi-
gators as one of the most sensitive indices of
alteration within the molecular structure of
collagen. Only within the past few years, with
the enormous interest in the "collagen diseases"
and their possible relationship to collagen
shrinkage (1—4) have medical investigators be-
come actively engaged in this phase of collagen
research. There is still, however, relatively little
information concerning the various physical and
chemical properties of normal and pathologic
human collagen, since most of the measurements
have been carried out using animal collagen,
especially rat tail tendon, a collagen which in
several ways does not approximate that of
human beings (5).
This investigation deals with the hydrother-
mal shrinkage of collagen in an attempt to
broaden the understanding of the shrinkage
phenomenon and to develop a method of sam-
pling and a teelmic of study which are suitable
and practical for the clinical investigation of
the collagen of human skin. Since only scattered
and frequently conflicting statements concern-
ing the storage and preparation of collagen
exist in the literature (4, 6), this study includes
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experimental controls adequate to decide what
type of skin sample may be used.
METHOD
Samples of normal skin were taken from 124
individuals ranging from 32 weeks of gestation to
88 years of age, with no selection of eases other
than to eliminate any disease process involving
the skin. The tissue was obtained both by surgical
excision and by excision of specimens at necropsy,
performed on the day of death, of deceased persons
who were free of all preservatives. All samples
were removed so that their long axes were parallel
to the natural skin creases. Samples which were not
used immediately were rapidly frozen and stored
at —20° C. All were used within 8 weeks from
the time they were frozen.
In preparing the specimens for study, the adi-
pose tissue and epidermis were mechanically re-
moved, and the thickness of the dermis was meas-
ured and recorded. On a few samples, the epidermis
was left intact so that a comparative study could
be made. A double-bladed scalpel (fig. 1) was used
to cut the samples into 2 mm-wide strips, with
care again being taken, except in eases where a
transverse specimen was desired for comparison, to
cut the strips parallel to the skin creases. The
2-mm strips were then attached at one end to a
25-gm weight, suspended alongside a vertical
millimeter ruler (fig. 1), and a stainless steel hook
was attached to each end of the sample, 15 mm
apart, giving uniform dermal specimens measur-
ing 2 by 15 mm, which could be easily handled in
the experiment. No attempt was made to alter
dermal thickness because of the difficulty in ob-
taining uniformly thick samples. Instead the
thickness was measured a second time so that in
the final analysis tension could be recorded in
grams per millimeter of dermal thickness. Except
for brief periods during measurement and cutting,
the tissue was kept moist with 0.9 per cent saline
at all times.
The apparatus used for heating specimens con-
sisted of two water baths, one inside the other
(fig. 2). The small inner bath consisted of a glass
cylinder, 3.5 cm in diameter and 7 cm high, wedged
tightly above a soft rubber cork. The cork had an
inflow and an outflow tube, through which 0.9 per
cent saline could be changed between experiments,
and bore two stainless steel hooks to which the
skin specimens could be anchored. Around this
small bath was a much larger, transparent, square,
plastic bath filled with distilled water and con-
taining four 500 watt heaters. Two of the heaters
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Fio. 1. Vertical ruler and double-bladed scalpel
used in obtaining uniform dermal samples.
were used to raise the water temperature from 50
to 700 C., the other two being added at 70° and 80°
C., respectively. By this method the temperature
of the saline bath could he raised from 50° to
90° C. at a constant and uniform rate of 1.5 to 2.0
degrees per minute. Care was taken never to raise
the temperature any faster than 2 degrees per
minute since it has been shown (7) that a rise in
excess of this does not allow sufficient time for
the temperature of the collagen samples to come
into equilibrium with the water bath. The experi-
ments were concluded at 90°, since above this
temperature the distilled water around the heaters
became turbulent and splashed into the saline
bath, invalidating the results. The water of both
baths was kept in constant circulation by means
of air bubbles, and the temperature was recorded
by a thermometer suspended in the saline near
the tissue samples.
For each experiment, two specimens were sus-
pended about 1 cm apart in the sabne bath. One
was attached by a surgical suture to the plunger
of a Statham strain gauge (C1-16-350) which, by
inhibiting all but 0.0015 inch of contraction, was
able to measure the tension produced by the
heated collagen. The gauge was situated directly
above the specimen on an adjustable screw which
allowed vertical movement. By raising the gauge
in relation to the specimen, an initial tension of 5
grams could be given to each specimen at 54°,
thereby providing a uniform starting point.
The second specimen was attached by a suture
to the moveable arm of a Correll and Correll
kymograph. This kymograph had a drum speed
of 0.58 cm per minute, giving a satisfactory curve
(fig. 3) over some 20 to 22 cm of recording surface.
The recording arm of the kymograph was suffici-
ently long that any contraction of the specimen
was magnified 9.5 times on the recording surface.
A 0.5-gm weight was used on the kymograph
arm to keep the specimen extended. Relative to
the specimen, the weight was attached at an equal
distance, in the opposite direction, from the ful-
crum. The weight was not sufficient to alter the
shrinkage temperature of the collagen as larger
weights are known to do. (3, 4, 7)
As the collagen was heated the tension and
corresponding temperatures at 2° intervals (from
54° to 90° C.) were noted and recorded on the
graph while the specimens were simultaneously in
the isotonic and isometric states (fig. 3). In this
way a permanent record could be kept of the
shrinkage temperature, of the amount of contrac-
tion, and of the tension, both total and in relation
to the temperature. The shrinkage temperature,
taken as the point where rapid shrinkage began,
was demarcated sufficiently clearly that it could
be recorded accurately to within 0.5° C. (fig. 3).
The amount of contraction was determined by
measuring the distance from the base line to the
highest point of the graph, which distance was
equal to 9.5 times the actual amount of contrac-
tion. The percentage of contraction was determined
by dividing this measured amount by 9.5 times
the total possible contraction (14.2 cm for the
15-mm specimens).
RESULTS
The changes observed during the isotonic
hydrothermal shrinkage of skin collagen were
similar to those described by Gustavson and
others (7—9). No change was observed until
temperatures of 59° to 64° C. were reached;
then the specimen lost its pearly white, opaque
appearance and began to shrink. The shrinkage
began abruptly and proceeded rapidly, so that
about 80 per cent of the ultimate total
shrinkage occurred during the next 4 to 6-de-
gree increase in temperature. This was followed
by slow steady contraction until, by 90° C., the
shrinkage was almost 100 per cent complete
(fig. 3). The shrunken specimen wes thick,
translucent, and rubbery. It maintained itself
in the contracted state as long as the tempera-
a
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FIG. 2. Apparatus used in shrinkage experiment.
ture was maintained; but on cooling, it relaxed
spontaneously to about 80 per cent of its
initial length. A short period of relaxation just
before contraction, as described by Stringer and
Highton (6), was not observed.
The tension developed by the isometric con-
traction of the dermal samples was similar for
all specimens and could be accurately deter-
mined to within 1 gm. Beginning at 56° to
58° C., some 4 to 6 degrees before any contrac-
tion was noted in the specimen, the tension
began to rise slowly. At 62° to 64° C., or near
the collagen's isotonic shrinkage temperature,
the tension began to rise more rapidly and
continued to do so as the temperature was
raised. The increase in tension proceeded in a
jerky manner, with sudden jumps and momen-
tary periods of relaxation, making it impossible
to determine the shrinkage temperature of the
collagen by this method alone.
FRE5H VER5U5 NECROP5Y 5PECIMEN5
In order to determine the effect of death on
the dcrmal collagcns the shrinkage tempera-
ture, tension, and amount of contraction were
compared for 52 necropsy and 72 surgical sam-
ples. There was no opportunity to compare
surgical samples from the same patient. The
shrinkage temperatures for necropsy specimens
(59° to 63° C.) averaged about ½ degree lower
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Fio. 3. Graph of collagen shrinkage as recorded on kymograph. Figures immediately under graph
represent water-bath temperature while second set of figures represents grams of tension from isometric
dermal contraction.
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FIG. 4. Shrinkage temperature and tension per
unit dermal thickness developed by normal dermal
collagen. Necropsy and surgical specimens com-
pared.
than those for surgical samples (60° to 64° C.)
from subjects of the same age (fig. 4), althongh
the same general distribntion and pattern were
found in both groups. Tensions were essentially
the same for both neeropsy and surgical speci-
mens. Whereas the maximum tension tended to
FREEZING EFFECTS
The effect of freezing on dermal collagen was
determined by testing tissue from eight indi-
viduals while fresh and then again after it had
been frozen and stored for 1 to 8 weeks at
—20° C. Essentially no difference was found in
the shrinkage temperature, since seven of the
eight pairs of samples had identical values. In
the remaining pair, the fresh tissue shrank at a
temperature 0.5° lower than did the frozen.
Likewise, no consistent variation was found
when the tension was compared in the two
groups. For four of the individuals, the tension
produced by frozen tissue was lower than that
of fresh tissue, and, in an equal number, the
tension of fresh tissue was lower than that of
frozen. The difference was less than 10 gm for
six of the eight individuals and 28 and 30 gm,
respectively, for the other two. Freezing had no
effect on the rate of development of tension,
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be a little higher for necropsy samples than for
surgical specimens, this difference disappeared
° when corrections were made for dermal thickness
0 (fig. 4). This finding can be explained by the fact
that all of the necropsy samples came from the
abdomen where the dermis is generally a little
thicker than in many other areas. No difference
was found in the rate of tension development, the
amount of contraction, or the shape of the
curve produced by the shrinking specimen.
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the amount of contraction, or the shape of the
curve. There was no correlation between the
results and the length of time that specimens
were kept frozen.
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The effect of the epidermis on collagen
shrinkage was determined by comparing speci-
mens, with and without epidermis, from 38
individuals. The shrinkage temperature was the
same in both groups. The tension in all but one
case, tbat of a 1-month-old child, was higher
when the epidermis was present (fig. 5). This
difference varied from 2 to 35 gm, most often
being from 5 to 20 gm. In general, the presence
or absence of epidermis seemed to be of least
significance in specimens with the low tensions
and in those from young individuals. The
amount of total contraction, for all age groups,
averaged about 5 per cent less when the epi-
dermis was present. The epidermis had no ef-
fect on the shape of the curve or on the rate at
which tension developed.
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Fro. 6. Maximum tension developed by normal
dermal collagen. Samples oriented parallel and
perpendicular to the skin creases were compared.
ORIENTATION OF COLLAGEN SAMPLES
The necessity for removing dermal samples
in particular skin planes was determined for 26
individuals (fig. 6) by comparing specimens,
from the same individuals, which were cut
parallel to and perpendicular to the normal
skin creases. The tension of samples oriented
with their long axes parallel to the creases was
higher than that of samples whose long axes
were perpendicular to them. This difference in
most cases varied from 5 to 30 gm, although
0 60 80
the range was from 1 to 68 gm. The magnitude
of difference was distinctly greater for elderly
persons. The total amounts of contraction of
samples cut parallel to the skin creases averaged
about 5 to 10 per cent more than those of
samples cut perpendicularly. This difference
seemed to be about the same for all ages. No
difference was found in the shrinkage tempera-
tures or contraction curves for specimens in the
two groups.
COM.MENT
The measurement of collagen shrinkage is a
useful research tool, relating gross tissue changes
to events at the molecular structural level (10,
11). For many years only the temperature of
isotonic contraction (shrinkage temperature)
had been used to investigate these changes, but
recently other methods have been devised,
which give new insight into the shrinkagei phenomenon. Foremost among these is the
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study of isometric contraction, a much more
sensitive indicator of tissue change than
shrinkage temperature. (12) By means of the
technic used in this study, both the isometric
and isotonic contraction of collagen, along with
the amount of contraction and the rate and
temperature of maximum development of ten-
sion, were combined into one simultaneous
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.tension developed by normal
and without epidermis.
study. This, plus the application to small
.
specimens, not only gives a new and much more
accurate and comprehensive view of the shrink-
age phenomenon but also provides for easy and
practical investigation of human collagen dis-
orders.
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samples is one of the most basic and difficult
to solve, for a study of the dermis is a study of
its composite structure. For this reason, pre-
vious investigators have used sources of collagen
other than the skin, whereby long single fibers
could be obtained. Since in the skin the fibers
are small and difficult to remove, without al-
tering the physical characteristics of the col-
lagen, we have presented a method whereby
full-thickness dermal samples of uniform size
can be obtained. It can be assumed, since col-
lagen makes up 72 to 79 per cent by weight of
the normal skin (13) and since elastic fibers are
not denatured at temperature ranges used in
this study (14, 15), that the results are related
directly to changes within the collagen.
In selection of suitable individuals to provide
dermal tissue for study, both surgical and
necropsy specimens can be used; however, one
should keep in mind that the shrinkage tem-
perature is slightly lower for specimens ob-
tained at necropsy, a finding which has not
been previously appreciated as other investi-
gators have used the two indiscriminately. (6,
16, 17) The body area from which samples are
taken makes little difference as long as the
tension values are corrected for dermal thick-
ness. This is in contrast to the findings of
Gustavson (7) who stated that the shrinkage
temperature is higher in body areas where the
skin is under stretch. However, Gustavson
mentioned nothing to suggest that the orienta-
tion of his samples was controlled, a fact which
could account for some variation in the results.
The need for orienting samples to the skin
creases is of major importance. Any variation
from a direction parallel to the skin creases, while
not affecting the shrinkage temperature, gives
a significantly lower tension and reduces the
total contraction. This would be expected from
the work of Holmstrand, Longacre and Desta-
fano (18) who have shown that the majority
of collagen fibers run parallel to the skin
creases, and it is supported by the work of
Wilson (19) who found a difference in the
amount of shrinkage in lung fibers depending on
the orientation of the sample. The greater dif-
ference in tension between specimens cut
parallel to and transverse to the skin creases
in the case of adult and elderly individuals
suggests that with aging the fibers become more
oriented along the skin-crease lines.
The slightly higher tensions found in speci-
mcns with the epidermis intact was somewhat
unexpected and yet is not surprising. Rudall,
(20) working with the mucosa of cow's nose,
found that the epidermis can undergo thermal
contraction; the temperature at which this
occurs differs with the layers of the epidermis
used and the species of the organism. Thus,
in this study, the higher values found with the
epidermis present most likely represent added
tension resulting from thermal denaturation of
the fibrous proteins in the epidermis. That this
is more pronounced in skin from older persons
suggests that the effects of aging on the skin
are not limited entirely to those on dermal
collagen. While no studies have been conducted
on the epidermis itself, further work along
these lines is in progress.
5UMMARY
A new technic for the measurement of the
isotonic and isometric contraction of dermal
collagen is presented, which gives a much more
accurate and comprehensive view of the
shrinkage phenomenon than have previous
technics and which is easy and practical to nse
for the investigation of human collagen dis-
orders.
In removal and preparation of the tissue,
orientation of the samples to the skin creases
and removal of the epidermis were found to be
of utmost importance. Specimens from necropsy
and surgical cases can be used interchangeably,
if one keeps in mind that the shrinkage tem-
perature averages about 0.50 C. lower in the
necropsy cases. Storage by freezing at —20° C.
had no effect on the results.
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